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.~ HROPICE: When jo,2roment or other drawings, speci-

fice“icu. or other data ure used for any purpose

_ ouber than in conection vith a definitely related
government: procuressot operation, the U. 8.
Goverument $hersby incurs no responsidility, nor any
obligati~n whatecever; and the fact that the Govemn-
went oay heve formilated, furnisbed, or in any vay
supplied 1lhe said drawings, specificaticns, or other

 dats {2 wot Yo be regarded by implicetion or other-
wige as in any manner licensipg the holder or any
otaer psoson or corporation, or donveying dny rights
or permission to manufacture, usé or sell any
patented invention that may in any way be related
thereto.
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CECAFT

(5) OBJECY

1o condict resesnch oo aad (o develop
iafrared fiwe decoy systems with emergy
outpat rics 1o the 1.2 - 2.8y spectea!
region fo: the protection of jet aircralt
azaiast afrared-seeking missiles. (This
work is being conducted nvader Air Force
cootract (33-616) 58-4%)

($) SUMMARY /

(S) Breakthroughs have been acpicved
with boch infrared tlare compositioas aad
bigh-altitude igniter compositionX. Pre-
iiminary tests of a new flare composition
(SI-119) show that its burning rate and
high ignicability are unaffected by in-
ceeaving altitude up to 100,000 fest
(d mm Hg) and that its peak iafrared
encrgy omput {watts) and efficiency
(joules/g and cc) increase with increas-
ing altitude. The new compositioa, which
consists of molybdenum trioxide/cheomic
oxide/zitconium, shows considerable
promise for use in decoy systems for jet
aircrafe. Both the currently used reflon/
magnesiuw/nitroceilulose compositions
and the older, less efficient xodium
nitrate,/magamsivm/Laminac compositions
are adversely affected by increasing
altitude: peak eifrgy output and ef-
ficiency decrease \geverely, burning rate
decrzases greatly, the flares become
very difficalt to ignite. Ac high altitude
the SI-119 composition is far seperior to
teflon compositions, especially during
the first 12 secoads of burning.

ey New high-altitude igniter compo-
sitions ccetaining molybdenum trioxide/

choomic oxide/ zircuainm/nitrocellules-
(SI-122 aad 131) heve also beea forn -
lated which ignite teflon compositicas
st altitwdes wp to 100,000 feet (highest
sltitede simulated). These new 1gaicer
compositivas showld verform as well or
better with sodium aitrate compositie:s.
Thay are supecicr to the 90/ 10/% besium
chromate/bocen/nitrocellulose composi-
tion which, unless pamially coofined. i
unreliable above 40,000 fext altitude
and is more sensitive to frictional focces.

(C) RECOMMEMNDATIONS \

In view of the zacovraging results with
respect (o buraiag characteristics and
energy output obtained with sew infrared
flare compositions coniaining molvbdenum
trioxide/chromic oxide/ zirconinm furthe-
research and development shoald be con-

~ ducted. Fich higher energy oxidizing

agents this type of composition may

- equal er cxceed the total efficiency of

the teflon composition at lower alticudes
as well as at 100,000 fect. It is alse
expected that the advantages of burning
rates waaffected by decreas’ng pressure
plus excelleat ignirability could be
maintained.

It is further recomme:nded chat more

~ extensive tests be c/mducted with the

new high-altitude igniter compositioas
(M0, /Cr,0,/Zr/NC) to determine optimum
composition s7d reliability. The use of
coarser zirconium should be iavestigated
to further reduce sensitivity to friction
and impact.

The use of conductive igniter

secrer 3OSt Available Copy



CAMBCIC Lonve v B v wangyn o TR

Althoagh resenrch and dcniop.ca( of
projection sysems {{or use with jet air-
crafi) aze 2lso continuing, cualy the most
owtstanding flace and igniter composi-
tion developments are diuuue,d in this
repor.

{C) MESUL TS AND DIsCUIHION
Develepment of Flace Composition

4. Ceoposition formulaions with hests
of reastion aad heaes of combustion data
ure listed in Table 1 (p 7). Since the
calorimecry te-4s were conducted under
coat’eed ruaditions, these rcsalts prob-
abiy represent wpper eacegy limits. At
high altitudes where vacuum coeditions
exist, combustion efficwacy sad reaction
enetgy are reduced due 1o lower (lame
temperature 5 2ad much slower burnine
rates. This =43 shown in a previous re-
jexi [2=f 2 where a componsition con-
sisting of 54% mageesian, 0% teilon,
and i6% Kel I* gave an average heat of
reaction ic one mtmosphen: of helium
of 1521 calaries/gram aed & S milli-
meters of helium of 1212 cnloties/gram.

5. Further evidence <! the deleterious
ef{ccts of reduced preossure on burning
chazacteristics can br =zen in Table 2
(p 8) and Figare 1 (p {2). The efficiency
of sodium mitrate/warz»sinm/Laminac
asd :cflon/magnesiux/ nitrocellulose
compositions in the form of pressed
fAsres decreases shaeply with increasing
altitude (decreasiag prossure). The
peak isfrared emcrgy cutput of the teflon

s

R N Y e BT i Ty et BB

composition decreases 707 toa. v - e

leve!l to 60,000 feet sad 93X from sca
tevel to 100,000 feet. In addition, i.s
burning rate decreases epprozimaely

2 and 7 times, cespectively. Neverthe-
less, che teflon/magnesinm/ nitroce!ly-

lose system is far auperior to the ecdium
nitrate avarez. This may be due to the
large questity of incandescent carbon
{high emissivity) produced by the re-
actioa of the tefloa composition.

6. A radical departure irom the above
trends occurred with a compesition coe-
sisting of M00,/C7,0,/Zs (SI-119). This
composition became significantly more
efficient with increasing altitude. Pesk
esergy outpwt and efficiency incressed
ap to 60,000 feet and tapered off slightly
r1 100,000 feet. The buraing rate of the
SI-119 composition remained essentially
unchaaged at the higher alcitudes. These
cffects can be seen in Table 2 (p 8)
and Figure 2 (p13). It is important to
note that whereas at sea level compo-
sition SI-119 was much less cfficient
and produced a much lower peak energy
output (in watrs) than the teflon system,
at 60,000 fzet the peak encrgy of
Si-119 was about 4 :imes higher than
that of the teflon system (although
efficiency was still lower). At 100,000 feet
(simulated altitude) the peak energy level
of SI-119 was abow 20 times greater
than that of che teflon system, and its
efficiency (in joules/cc) was approx-
imately the same (over the entire dura-
ing period), If oaly the firse 12 secends
of buraing are considered it can be seen
from Table 3 (p 9) that composition

Best Available Copy
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5119 1s fac superior to the tefloa symem
2 peak energy output s 60,000 and
100,000 feec. aad efficieacy at 100 000
teet. All {laces in the above study were
end buming asd had approximstely the
same burning surface scen.

7. Tadle 1 {(p 7) shows Composition
51-119 to have o relatively low heat of
reaction and combustion. It is antici-
pated that its reaction energy can be
greatly increased by incorporating chem-
icals pcoducing higher energy. Ose ap-
peoach is the coe of perchlorates as
oxidizing sgeats. For example. KCIO,
with zirconium produces 1610 calocies/
gram and 6130 calories/cc (based on
calculated true dessity). Other perchlor-
ates can give even higher energies
(Ref 3). Another approach is the use of
superoxides of the first two periodic
groups. For example, the calculated
heat of reaction for KO, and zirconium
is 1170 calories/gram. The use of
highes oxygen complex compounda of -
molybdenum (M,Mc0,) with the alkali
metals should also be investigated. In
addition, the use of excess zirconium
may alsc te of valve. Composition Si-
119 is approximately stoichiometric,
assuming ZrO,, Mo, andCr as products.
Stifl another spproach to the optimum
composition is a mixture of the zir-
coaium (SI-119) rnd the teflon compo-
sitions.

8. Another important advantage of
Composition SI-119 is that it is highly
ignitabie. It is also used as aa igaiter
composition snd caa be initiated directly

by an M1Al-type squib (comtaniag 90/10
barium cheomate/borea) up 2 100,000
feet. It is believed that squibs or primers
could be eliminaced if desired, since this
few composition can probally be igaited
by hot wires (squib priscip! - Simplify-
ing the system by elimineci:; componeuts
might logically lead to incressed reli-
abilicy. To slow down the relatively fase
burning rate of SI-119 and 1o reduce its
sensitivity to friction coarser zicconium
(Ref 4) and binders could be used.

9. Composition SI-119, which contains
no binder, was pressed into a paper
flare case for testing. If necessary, it
can be converted into a cazeless flare
by means of binders in the same marner
ag the sodium nitrate/magnesium and
teflon/ magnesium compositions. To meet
requirements, binders can also be uscd
to adjust the burning rate. It is antici-
pated, however, that even with the in-
corporation of binders the burning rate
of composition SI-119 will remain rela-
tively unaffected by changes of altitude
over the range of sea level to 100,000
feet.

Development of Igniter Compesition

10. Two pew igniter compositions con-
taining N0O,/Cr,0,/ Zs/nitrocellulose
(S1-122 sad SI-131) have been developed
for use with teflon/ magnesium/uitrocel-
lulose flare formulations. Although these
igniter compositions were aot tested
with sodium nitrate/ magne sium’ Lariinac
flare compositions the results of Ref -
erence 4 indizate that they should

Best Available Copy
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perfoea evea bacter wirhk floves of thix
type. Suutic ignitson test resulta with
flare compeaitions sce givea in Tablr 4
{p 10). ignition of the flare c ompositioas
was accomplished over the simnlaced al-
titude range of sca level 10 100,000 feet
with completely uaconfined systems. At
100 000 feet, however, ignition of the
flace s by the igunizer was erratic. Pre-
liminary tests with these igoiters indicate
that &« 100,000 feet the type of swface
of the flare may be critical. Flares with
pocous surfaces igaited coasisiemly
while those with hard glazed surfaces
did ast. &t should be poimed out that
whea the sandard Rica igaiter compo-
sitioa, SI-36 (barium’chromace/ boron/
nitrocellulose), is completely wnconfined,
it performs etratically detwees 40,000
and 60,000 feet. Above 60,000 feet it
fails compltely to ignite the flare com-
position. :

1. Data on the sensitivity of the ig-
aiter compositionr toimpact and fricticas!
forces is given in Table 5 (p 11). kt can
be scen that che SI-122 igniter composi-
rice { Mo0),/Cr,0,/Zst/ nitroccllulose) is
iess sensitive than SI-$56 (BaCeO,/B/
pitrocellulose). S1-56 has aa impact
value of 3 inches and S1-122 aa impact
value of 12 inches. SI-36 is sensitive
to both atee! and fiber (friction pesdulum
test) whereas 51-122 is seasitive to
scee! only.

(C) EXPERMIENTAL 7ROCRDURE

12 (U) Compositions comcaining binder
were prepared ia a Lascaster blender.

A small amouat of aceione {10 cc/ i g
of mix) wan used to insure proper blrnd-
ing. Blendlag time was sporoximately

20 minwmes,

13. (U) Binderless comnositions were
bleaded in as Abbe ball mill for 45 hour.
Rubber stoppers were used to insure

proper bleading.

14.(C) SI-122 and 131 were blended
by stirriag with 8 woodea rod in & morta:.
The nitrocellulose was used as a 107
solxion in acetone. Excesa acetone
(up to 30 cc/100 g mix) was used for
blending. While sill we: with acetone
these compositions were applied to the
flare sides with & pasat toush.

13. (C) Caseless flares were pressed
in oac iacrement a¢ 7,000 psi. Cased
flaces were pressed in i-inch increments

a¢ 13,000 psi.
16. (C) Materials

NeNO,, USP, DR, 23 micron
MeO,, 12.5 micres

C,0,, lese than | micron

Teflon, reprocsascd. 13,
32, aad 92 micren
Kol-F, puiveriaed, 28 micsva

dg, momined, 23 microa.
graaulacica 200/32%

&c “.". ‘w licm.
sreanlesion $0/100

Davies Nitrma Co.
Tisher Sciectific
Ca., Lot 762932
Fisher Sciemeific
Co., Lax 516340
Devies Nitras Co.

Kellcgg Co.,
Lot 4380-14
Rulfers Chemical

-~

L N

Reftsre Chomeni
Ce.
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Z1.2.) micron Foess Miagral
Co., (wade Z,
Lot 702062

Nuroceiiwioss, 12.6% :

aitrogen. lintere
Laminac Resin Nos. 4116 Ameritea Cy-
and 4134, commercial grade saamid Corp.

17.(C) All flares were tested in an
upright position (Fig 4, p 13) in the
Picatinny high-altitude test chamber
(Fig 3, p 14). Faergy measutements
were taken from a hotizontal side-on
rosition, using lead sulfide detection
~quipment.
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Perticle Size,

TABLE 1

Composition Formulas and Roaction Erargies

Cempesttion, phw microns FY-719 FY-498
NaNO, 23 4.6 328
MoO, 12 - -
Ce, 0, 0.3 - -
Teflon 1 - -
Xel-F 28 - -
Mg 23 7.6 61.7°
Zr 2.3 - -
Laminac 4.8 4.8

B Nitroceilulose, - -
12.€6%
Resction Energies
'Y 1932 1608
AH(_‘ N8 1748

FY-893
60

1877
2010

%41 microns
b180 microns s
CHent of reaction, 1 atm helium

YHeat of combustion, 30 atm oxygea

Fw.1s8

Fw.154

FW.146 Fw.168 51-119

- - 3.4

- - 20

46 46 -

54 54 -

- - 48.7
2.6 2 -

- 1684 510
- 1746 1201
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YABLE 2
Emission ond Burming Cherectoristics of Flare Compesitions At Yarious Simuleted Altitwdes®

Appreximete Altitude Ne. Bwning Burning Peck Erorgy Totel Energy  Teotel THisloney

Coﬂ”clﬂ.n‘ Dimenalens, in. 10" feet ltems Time, sec Ratesec/in. 10° watts 10’ joules feolea/e joules/cc

FY-719 1.35x 1.3 SL¢ 2 5.3 3.3 2.3 12 220 337
60 1 16.0 10.7 0.4 =3 110 167

100 3 28.0 19.9 - - - -
FY-698 1.3 x 1.3 SL 1 8.3 5.6 4.0 33 630 980
60 2 22.8 15.2 0.4 8 150 240
100 1 50.9 33.6 0.1 6 110 176
FY-892 1.3 x 3.0 SL 1 9.8 3.4 3.4 39 300 63y
60 1 37.0 9.0 0.2 6 33 69
F¥-168 1.3 % 1.5 SL 1 7.6 4.9 19.0 144 2440 3920
60 2 16.5 10.3 6.0 99 1670 2710
100 1 $6.0 3.1 .9 33 360 902
SI-1i9 1.3 % 6.2 SL 1 5.0 0.8 8.0 40 X 300
1.3x 6.5 60 , 4.8 0.7 220 126 280 900
1.3x$3 i0C N 4.0 .8 20.0 gt 210 790

SAll Nares brmed from cae ead in cigurette tashion. To achieve this, Compositicas FY-719, FY-698, aad F¥-168 were made as caseless
flare s sad the carved sides wore conted with Laminac resia (80/20, Nos. 4116 - 4134). FY-893 sad SI-119 were pressed into thin-walled

('A isch) war-crated paper cases.

bCo-pocitio- formulas are giveo in Table 1 (p 7).

“Sea level
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TABLE ]

A Comper'sen of the FW.148 end 51-119 Compesitions for the First 125eceads of Burning

Pech Enorgy Teotel Enorgy EHiclency
Altirude BSwrning Appreximete 10" weets in Wette/04 in. 10° {sules 1n jovies/g in jowles./cc in
Compesition” 10'ieet Time, soc  Longth, in. 19t 12 sec  Burning Surfece Tov 12 sec 1ot 12 sec 15t 12 sec
F¥-165 st® 76 s 19.0 123 144 2,440 3920
60 16.5 1.5 6.0 4.2 72 1,220 1,920
100 $6.0 1.% 0.9 .63 7 120 190
SI-119 SL 5.0 6.2 8.0 6. 40 90 300
60 4.8 6.5 22.0 16.6 126 280 900
100 4.0 5.3 20.0 15.) 91 210 790
H %Compositioa focmulas:
F¥-148 Teflon 46 pts
Mg $4 pta
NC 2 pts
l SI-119 MoO, 31.3 prs
Ce,0, 20.0 pxs
Ze 48.7 pes

LT favel




$ralatgaliton Y ert-Rassitsol Mvutysitecompertinas®-

ol

{gniver Flere No. of Apprenimete Alvivude,
Comgasltion Compesition Itomse Jeo:ted Dimensisns, In. 10* Remeork s
$8-122 FW-133 2 133 » 1.6 s € Al ignited
$1-122 F¥-133 ) " 60 All igaited
S1.122 F¥-145 13 " 80 F¥-13$ ignited iv. - canesd
st- 112 F¥-138 12 . 100 F¥-159 ignited in 6 casea®
( o
s1-122 F¥-136 1 13s % 1.°s SL All igmited <
[} -
st-122 FW-136 3 . 0 Al igaited :
St-12> F¥-156 1 . 80 Al igvited!
st-122 FY-156 1 " 100 All iguired! -
i
Si-122 F¥-1f 2 2.3 x 4.3 69 Al ignited
Sty FU-15$ ? 1.y$ x 1.6 sL A igwited
si-131 F3-155 2 - 60 Al ignited
SI-131 Fu-13 5 - %0 W1 ignited
S1-13; FW-153 15 " 100 FU-159 igmited in & casre’

*The igaiter compcsitions were applied to the citcular aurface of the caseleus flares. The flat eads were not coaced.
®Composition lormulas are givea in Table 1 (p 7).

€Cca level
d Al Maces in this grewp had hard glazed swfsce..

SAll flages which failed v ignite had a~rd, glased surface. All flares (3) having rough, porows swrface did ignite.
One Bace baving hard, glaned surface also ignited.

fT?w.Q " wox hat ~ugh, porous surfaces.
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